The marine atmospheric boundary layer (MABL) plays a vital role in the transport of momentum and heat from the surface of the ocean into the atmosphere. A detailed study on the MABL characteristics was carried out using high-resolution surface-wind data as measured by the QuikSCAT (Quick scatterometer) satellite. Spatial variations in the surface wind, frictional velocity, roughness parameter and drag coefficient for the different seasons were studied. The surface wind was strong during the southwest monsoon season due to the modulation induced by the Low Level Jetstream. The drag coefficient was larger during this season, due to the strong winds and was lower during the winter months. The spatial variations in the frictional velocity over the seas was small during the post-monsoon season (∼0.2 m s −1 ). The maximum spatial variation in the frictional velocity was found over the south Arabian Sea (0.3 to 0.5 m s −1 ) during the southwest monsoon period, followed by the pre-monsoon over the Bay of Bengal (0.1 to 0.25 m s −1 ). The mean wind-stress curl during the winter was positive over the equatorial region, with a maximum value of 1.5×10 −7 N m −3 , but on either side of the equatorial belt, a negative wind-stress curl dominated. The area average of the frictional velocity and drag coefficient over the Arabian Sea and Bay of Bengal were also studied. The values of frictional velocity shows a variability that is similar to the intraseasonal oscillation (ISO) and this was confirmed via wavelet analysis. In the case of the drag coefficient, the prominent oscillations were ISO and quasi-biweekly mode (QBM). The interrelationship between the drag coefficient and the frictional velocity with wind speed in both the Arabian Sea and the Bay of Bengal was also studied.
Introduction
The marine atmospheric boundary layer (MABL) is the atmospheric layer located just above the sea surface and is influenced by the presence of that surface. It plays an important role in the exchange of momentum, mass and energy across the surface and also influences to a large extent the atmospheric and oceanic circulations. The wind patterns over the coastal areas, often show large differences over land in comparison to those over the sea. Many studies have been carried out to understand the atmospheric boundary layer characteristics over land. Since data collection over the sea via research cruises are expensive, the marine atmospheric boundary characteristics, especially over the Arabian Sea and the Bay of Bengal, were studied in connection with a few field experiments. Some of the major experiments in this category are the Monsoon experiment-77 (MONEX-77), MONEX-79, Bay of Bengal monsoon experiment (BOBMEX-99) and Arabian Sea monsoon experiment (ARMEX). The Planetary Boundary Layer (PBL) process constitutes an important physical input into the numerical simulations of the monsoon (Rao, 1988; Krishnamurti et al., 1973; Manabe et al., 1974; Shukla et al., 1981) and PBL physics are usually incorporated into models by adopting suitable parameterization schemes (Kusuma et al., 1991) .
Holt and Raman (1987) studied the structure of the boundary layer over the Arabian Sea and the Bay of Bengal during both the active and break phases of the monsoon using the Indian-Soviet monsoon experiment (ISMEX-77) and the MONEX-79 dataset. They found that the height of the boundary layer decreased during the active phase and increased during weak phases of the monsoon. Sam et al. (2003) examined the temporal evolution of the turbulent kinetic energy, sensible and latent heat fluxes and the drag coefficient using radiosonde data taken from BOBMEX-99, during the different epochs of the Indian summer monsoon. They reported that the simulation results using a 1-D model agreed well with the observational analysis. TOGA COARE (Tropical Ocean Global Atmosphere Coupled Ocean Atmosphere Response Experiment), which was aimed to describe the coupling of the west Pacific warm pool to the atmosphere (Webster and Lukas, 1992), provided insight into the atmosphere-ocean coupling on an intraseasonal time scale (Godfrey and Lindstorm, 1989; Shinoda et al., 1998 ). The energy supplied by the atmosphere was mostly trapped in MABL, except in the regions of deep convection. So, it was very important to understand the various characteristics such as the drag coefficient, roughness length and other parameters of MABL. Mahrt and Ek (1993) studied the spatial variability of the turbulent fluxes and roughness lengths over a heterogeneous surface using flight data collected during clear-sky days and found that the effective roughness length was about 1 m.
Here, we have made an attempt to explore the MABL characteristics over the Arabian Sea and the Bay of Bengal on a seasonal basis. The analysis was carried out on a seasonal basis by taking data from January for winter, April for pre-monsoon, July for the southwest monsoon and November for the postmonsoon seasons. The parameters employed for studying the characteristics of MABL were the drag coefficient, roughness length, frictional velocity and the wind-stress curl. To determine the variabilities on different time scales for the frictional velocity and drag coefficient, these parameters were subjected to wavelet analysis and the results are presented here.
Data and methods
The datasets used for this present study were the zonal and meridional components of the surface wind, wind stress and wind-stress curl for the period extending from 19 June 1999 to 30 December 2003 that were taken from the two-dimensional surface-wind fields that were measured by the SeaWinds scatterometer on the QuikSCAT satellite of the National Aeronautics and Space Agency (NASA) (Patoux and Brown, 2001; Wentz, 1986) . In addition to the ERS-2 (Euro-
